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Ground Penetrating Radar Surveys Near Big Manhole Cave
Ron Lipinski, Lewis Land, Steve Peerman, Ken Stabinsky
November 16, 2008

A set of brief Ground Penetrating Radar (GPR) surveys was made in the vicinity of Big Manhole
Cave (BMC) on July 17-19, 2008 to assess the penetration capability in that area and to obtain
data near previous resistivity surveys.
Previous Related Surveys
John McLean [Line 8, Figure 9 in Reference 1] had performed some resistivity studies in the
area of Big Manhole Cave. He noted an anomalously large resistivity centered about 5 m below
the surface about 15 m south of the jeep road at the location indicated by a red “x” in Figure 1.
The anomaly appeared in a north-south survey, but was not apparent in an east-west survey.
Such a shallow anomaly would be suitable for investigation with a GPR.

x

Figure 1. Topographic map of the survey area and the location of the McClean resistivity
anomaly.
Description of Setup
The GPR unit used was a PulseEkko bistatic radar (Sensors & Software, Inc., Mississauga,
Ontario, Canada) with a 100-MHz antenna. Figure 2 shows the setup of the data acquisition
system. Figure 3 shows operation with a truck battery that allows recharging of the battery
without interruption of the operation. The antennas in the background of Figure 3 are at the start
of a survey (BMH-RF2) and are close to the resistivity anomaly.
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Figure 2. GPR data acquisition system.

Figure 3. Operation of the GPR with antenna in the background close to the anomaly
GPR Velocity and Penetration Measurements
The first measurement was a common midpoint measurement (CMP) to determine the speed of
propagation of the GPR electromagnetic waves through the ground at this site. It was made on
the rocky jeep road at the trailhead to the cave. The road had exposed bedrock (limestone) and
thus had very little attenuation from surface material before bedrock was encountered. In a CMP
measurement, the two antennas of the GPR are separated in a series of steps symmetrically about
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a fixed point. Figure 4 shows the results. The top-most region represents the electromagnetic
waves traveling through air. The measured speed is 2.98 x 108 m/s (0.298 m/ns). This is in close
agreement to the speed of light, as expected. The next region shows the waves propagating
through the ground just below the surface. The measured speed is 1.01 x 108 m/s (0.101 m/ns).
This also is in agreement with typical speeds in limestone. This number enables us to convert
the round trip time of a signal into depth.
Figure 4 also shows reflections at numerous depths. Clear reflections are seen down to 250 ns
for a round-trip time. This corresponds to about 12.5 m (41 ft). This measurement was obtained
at 100 MHz with a stack of 64 pulses at each station.
Figure 5 shows the effect of using more or fewer pulses stacked up at each station. The first
column shows five stations at a single location, each with just four pulses stacked together. The
second column shows the same location with 128 pulses stacked together. The 4-stack data
becomes difficult to distinguish from noise at a depth of 10 m (200 ns round trip). The 128-stack
data seems to be clear beyond 14 m (280 ns round trip), although the plot does not extend
beyond that depth. Statistically, the signal to noise ratio should increase with the square root of
the number of stacks. This helps overcome the signal attenuation with depth of penetration.

19.4 m / 65.2 ns =
2.98 x 108 m/s

192 ns
19.4 m / 192 ns =
1.01 x 108 m/s

19.4 m

Figure 4. Common Midpoint Measurement (BMCMP2)
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Figure 5. Comparison of 4 stacks and 128 stacks (BMH-RF6 and BMH-RF7)

GPR Surveys across the McClean Line-8 Anomaly
Figure 6 shows two surveys across the near-surface anomaly noted by McLean in his resistivity
survey “Line 8”. The surface location does not occur at zero ns in the two surveys, so they have
been shifted vertically to align the prominent bedding planes. A depth scale has been added,
based on 0.10 m/s propagation. The north-south survey (BMH-RF2) used 64 stacks, and the
east-west survey used 128 stacks. The north-south survey is the second half of a 60-m long pair
of surveys along the same line; only the second half (BMH-RF2) is shown. BMH-RF2 started
4.5 m south of the jeep road’s southern wheel track.
There is a distinct bedding plane at a depth of 4 m, another one at 4.5 m, and a faint one at 13 m.
In the north-south survey there appears to be a number of point reflections at a depth of about 2.5
m. These are not as distinct in the east-west survey, but there appear to be point reflections in
that survey at shallow depth also.
There is a short reflection at a depth of about 9.5 m that appears in both surveys at approximately
the same location physically. It is not a complete bedding plane, nor does it have the hyperbola
associated with a point reflection. One of the authors (RJL) speculates that this might be the
floor of a void that appears distinct because the electromagnetic waves are not attenuated as they
propagate through the void. If so, then its location is actually lower than plotted because the
speed of the waves is 3 times greater in the void. For example, if the roof of the void were at a
depth of 2.5 m, then the actual vertical extent of the void would be 21 m instead of 7 m, and the
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floor would be about 23 m below the surface rather than 9.5 m. The lack of a hyperbola might
be due to the base of the void being out of range for waves traveling entirely through rock. Or it
might be due to the base being flat so that reflections are greatest directly upward. This is
speculation and requires further analysis; it also illustrates some of the difficulties in interpreting
GPR data.
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Figure 6. GPR surveys across resistivity anomaly: a) north to south (BMH-RF2, GPR
coordinates: North end, 548713, 3562664. South end, 548720, 3562635 (WGS84 datum))
and b) east to west (BMH-RF8)
GPR Survey Techniques: Lessons Learned
1. Considerable time was spent setting up the equipment. The root cause was traced to two
faulty car batteries that drove the computer and data acquisition electronics. The system does not
give an explicit warning when the battery charge is too low. So the battery should be checked
regularly with a voltmeter to see that it does not drop below about 11.5 volts.
2. A serious electronic artifact can be generated if the data acquisition electronics are too close
to the survey line. Figure 7 shows a west to east survey about 50 m south of BMC entrance. It
was taken on a fairly level contour, but the north-south slope was significant. The prominent
feature extending to the bottom of the plot is an electronic artifact, not a physical feature. It
comes from the data acquisition equipment being directly on the survey line. (See Figure 8).
The antenna emissions interfered with the data acquisition system as the antennas were moved
past it. This plot points out the potential for electronic artifacts. (Fortunately, the data for the
survey shown in Figure 6 were obtained with the data acquisition equipment about 4 m from the
survey line.)
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Figure 7. GPR survey about 50 m south of Big Manhole Cave (west to east)

Figure 8. Proximity of data acquisition electronics to the survey line causes artifacts.
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3. In bright sunlight it is difficult to read the computer screen, so an umbrella for shade is useful
(Figure 9).

Figure 9. An umbrella for shade makes reading the computer screen easier.
4. As always, one must be vigilant about where one sits (Figure 10).

Figure 10. Desert fauna.
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Conclusions
GPR in the dry limestone of the Guadalupe Mountains near BMC can penetrate at least 14 m.
The anomaly observed with resistivity surveys by McClean near BMC appears to be confirmed
by GPR, although its nature is not clear. Using 64 to 128 stacks in a GPR survey yields a
noticeable increase in depth compared to 4 stacks (by at least 5 m )
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